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The Present invention relates to a pulse generator 
of a general type, and particularly to a pulse generator 
for outputting an effective eiectric signaLly once s 
^one revolution of a rotor assemb?,. and more i^- ' 
"tarly to an index generator which can be used to detect 

roS£C" on " spind,e motor of a " 

bil«v^Jl deX Si o 9n /' " US6d to ensure * e interchangea- 10 
Nrty between 3.5-.nch FDD media, for example This 

oh l to k L abSO ' Ute an9u,ar P° sit, ' on ° f ^e rotary 
object to be detected. The signal is generally detect 15 

*2^ a ma 9" et *» ^ting an index signaMs 

E^L POrt '° n ° f the ^^etected rotary 
object, and a magnetoelectric converter such as a sen- 

SLTS 8 k 8 " 6,ement (a Ha " sen *»> ^ "o 20 

9 abS ° ,Ute angu,ar position ° f ^e tS,e 
detected rotary object. 

However, a Hall sensor has the following problems: 
(1) the Hall sensor itself is expensive; ss 
2i! he K? al [ SenSOr iS sma,, - size d. and therefore it is 
curt btard PredSely m ° Unted ° n a " e,ectric cir " 

SL Sin K C l a , reqUired current must continue to flow 

^ he " a,,Se " sorino ^rtoobtainarequir^ 30 

cSJ; ■ SSnSOr d0es not eff i" 

Si^tK 3 " f enS ° r iS 3 semicon ductor element in 
™ h !■ temDerature characteristics changes 
considerably and thus cannot be used in a wwl 35 
range of temperatures; and 

2 H !'! SSnSOr Cannot with stand a high electric 
stress and/or a high mechanical stress. 

^ 11 .« i ^ Urther • an FG (frequencv generator) is also a « 
pulse generator. However, it produces a plurality of 

3^£7 hB r ^ reV ° ,Uti0n and thus ^en 
tally drffers from the index signal pulse generator for 

generating index signals used to detect^n aS 0 U to 
angular position of a rotary object absolute 

low ™l ^ ° f * he PrSSent invention is to P^e. at ^ 
SLh. J PU SS 96nerator wnicn generates a highly 

etaSTJI? K h ' 9h aCCUraCy ' wWch withstands high 
electric and mechanical stresses, and which performs 50 

Znl C0 ^ rSi ° n a t hi9h efficiency, without using™ 
magnetoelectric converter such as a Hall sensor 

nr °= V aChieVe 1,16 object - the P'esent invention 

EJftl PU ' Se 9enefat0r COm P risin 9 a «» assembly 

S.m? TK aSSemb,y diSpOS6d ^i w'th the rotor ss 

2?? h 9 T r aSS6mb,y com P" ses a P^manent 

aZLl? ,' S bV 8 P,Ura,ity ° f -"«"•* P°»es 

as rts cttTp 3 ^ W * thS C6nter ° f * e rotor asse "*'v 
as its center. Each pair of the adjacent magnetic poles 



have magnetic polarities opposite to each other Both 
arcumferential ends of each magnetic pole dtfinfan 

sSS^ f ng,6S rf the "»0"«fc Poles are 
selected to be unequal to each other. A plurality of staler 
coils are arranged circularly at the center Z f Z «E 
assembly to form the stator assenS ^ wherl eaS, 

Prtches wh,ch are defined by angular intervals beSeen 

tZ^l C8ntr f ' 3X68 ° f the ad ' acent 

are selected so as to electromagnetically match thPir 

corresponding magnetic poles onfy once pe^evlten 

of the rotor assembly. Therefore, an EMp'oulpTS 

poles and the stator assembly magnetically match nor 
revolution of the pulse generator isdefinrt^h^than 

k k , 8 PUlSe generator accurately generates 
one high-level index signal per revolution. 9enerat6S 

Rg. 1 is an exploded perspective view of a pulse 
generator according to a first embodiment J£ 
present invention; 

Rg- 2 is a plan view of the rotor assembly shown in 
Rg.3isaplan view of the stator assembly shown in 

Sen 1^1 ° f the PU,Se 9enerator <* Rg- 1 
when the rotor assembly exactly magnetically 

matches the stator assembly; y 

F£5 is a plan view of the pulse generator of Rg 1 

eriS pm^I" thS maX,mUm ne 9 a,ivs t°tal gen- 
erated EMF output is obtained and which is earlier 
by a very short period than the time when the rotoT 

tion^^J 118 Stat ° r — "«* have the P o2 
tional relationship as shown in Fig 4- 

Rg_ 6 is a plan view of the pulse genUtor of Fig 1 

at the time when the maximum negative total aen 

erated EMF output is obtained and whicn feSe'r Z 

h ° r ? eri0d * an the fime when the rotor 
assembly and the stator assembly have the posi 
tional relationship as shown in Fig V P 
Rg. 7 is a graph showing the time' - total output 
Jaracteristic of the pu.se generator as sho^.n 

Fig- 8 is an exploded perspective view of a oulse 

Fig. 9 is a plan view of the rotor magnets of a pulse 
generator as shown in Fig. 10 rtfa magnet 

S 0! °5 1 3X131 cross section ° f the rotor assef "- 

Fig. 1 1 is a plan view of the stator assembly of the 
pulse generator shown in Fig. 8 - 

Tth 12 iS , 3 P,a " ViSW ° f the pdse generator of Fig 
8 when the rotor assembly exactly magnetically 
matches the stator assembly; gnencaiiy 
Fig. 13 is a plan view of the pulse generator of Fig. 



: <EP 0781980A1 I > 



2 



EP0 781 980 A1 



8 at the time when the maximum positive total gen- 
erated EMF output is obtained and which is earlier 
by a very short period than the time when the rotor 
assembly and the stator assembly have the posi- 
tional relationship as shown in Fig. 9; s 
Fig 14 is a plan view of the pulse generator of Fig. 
8 at the time when the maximum negative total gen- 
erated EMF output is obtained and which is later by 
a very short period than the time when the rotor 
assembly and the stator assembly have the posi- 10 
tional relationship as shown in Fig. 4; 
Fig 1 5 is a graph showing the time - total generated 
EMF output characteristic of the pulse generator as 
shown in Fig. 8; 

Fig 1 6 is a plan view of the printed coil used ma is 
pulse generator of a third embodiment of the 

present invention; .. . .„ a 

Fig 17 is a plan view of the printed coil used in a 
pulse generator of a fourth embodiment of the ^ 
present invention; and 

Fig 18 is a plan view of the printed coils used in a 
fifth embodiment of the present invention. 



A pulse generator of the present invention will now 
be described by way of a first embodiment with refer- ss 
ence to Figs. 1 to 7. a second embodiment with refer- 
ence to F,gs. 8 to 15. athird embodiment with reference 
to Fig. 16. a fourth embodiment with reference to Fig. 
1 7. and a f ifth embodiment with reference to Hg. 18. 

Referring to Fig. 1 . a pulse generator 1 which is toe so 
first embodiment of the present invention includes ia 
rotor assembly 2 comprising a shallow circular dish- 
shaped rotor cover 24 and a ring-shaped permanent 
magnet 18. and a substantially disk-like stator assernhly 
3 coaxial with the rotor assembly 2. A housmg 4. wh ch 35 
is cut and formed from aluminum material is mounted 
on the stator assembly 3. with a flange plate 5 inter- 
posed therebetween. Radial ball bearings 8 and 9 are 
respectively fitted in holes formed in central boss por- 
tions 6 and 7 of the housing 4. The lower boss portion 7 ao 
extends through the flange plate 5. 

The stator assembly 3 compnses a stator yoKe 
which has a disk-shaped central portion 1 1 with a cen- 
5 hole 10. The stator assembly 3 is fixed at Die central 
Portion 11 to the flange plate 5 and the housing ; by « 
means of fixing bolts 12. A rotary shaft 13 .stored to a 
coupling 14 by press-fitting, for example, and extends 
SZh the ha", bearings 8 and 9. By means d a . M 
bolt 16 the rotary shaft 13 is also fastened to the rotor 
assembly 2 at a boss portion 15 formed on the central so 
portion of the rotor assembly 2. The coupling 14 iscon- 
nected to the external driving source of a rotary object 
such as a motor whose rotation is to be detected by the 
put generator 1 . In the pulse generator 1 the coupling 
14 is rotated in accordance with the rotation of toe to- ss 
be<letected rotary object so toat toe rotor asse^is 

rotated coaxially with the stator assembly 3 as the rotary 
^sSnln Figs. 1 and 2. a plurality of magnetic 



poles M are arranged circularly to form the permanent 
magnet 18. Each magnetic pole M has afirst side and a 
second side opposite to the first side. The first sides of 
all magnetic poles M define the substantially circular 
outer edge of the permanent magnet 1 8 and the second 
sides of all magnet poles M define the substantially cir- 
cular inner edge of the permanent magnet 18. The mag- 
netic poles M are arranged such that the magnetc 
polarities of the first sides of each adjacent pair of the 
magnetic poles M opposite to each other, and the mag- 
netic polarities of the second sides of each pair of the 
adjacent magnetic poles M are opposite to each other. 
In the f irst embodiment, twenty magnetic poles M1 , M2, 
M3 M20 counted from an angle reference line 1 9 are 
arranged in a counterclockwise direction, and the index 
angles each defined by the circumferential opposite 
ends of each magnetic pole M at the center 20 of the 

rotor assembly 2 are shown as 61. 62. 63 619 and 

620 which are also counted from the angle reference 
line 19 However, the number of magnetic poles is not 
limited to twenty but can be determined as follows. 
Here, the number of magnetic poles M will be repre- 
sented by a generalized number n. 

In this case, the index angles 61 . 62 6k. ... 6n of 

the magnetic poles Ml. M2, ... Mk, ... Mn have values 
different from each other. In particular, in the first 
embodiment, the values of the index angles 6 are 
selected in the order of arithmetic progression. Specifi- 
cally, when the index angle 01 is taken to be p" as the 
first term of the arithmetic progression, the index angle 
6k of the k-th magnetic pole Mk is {p + (k - 1) 8}. pro- 
vided that a common difference is 5°. When it is 
assumed that the index angle 6n of the last magnetc 
pole Mn be {P+ (n - 1) 5}. the sum Sn of 61 to 6n is 
(26 + (n - 1) p} n/2 . 

The sum Sn is not always exactly 360° but some 
small difference may occur from 360°, depending on 
how to select the values of be p and 8 of the formula. 
When the maximum difference is ± e • (e > 0). the follow- 
ing relationship is obtained: 



360 - e S Sn * 360 + e 



0) 



In other words. Sn is equal or close to 360. In particular, 
in order to prevent the pulse generator from producing 
an error signal, it is preferred that the index angle en of 
the D-th magnetic pole Mn be selected to be unequal to 
the index angles of the other magnetic poles. To this 
end. it is preferred that e be equal to 8/2. In this case, the 
following relationship is obtained: 



360 - 8/2 sSnS 360 + 8/2 



(2) 



When the present invention was made, 8° was 
0 10° to 1 5° depending on the machining accuracy of 
that time. However, the value of 8 is not limited to this 
range, and a narrower range is applicable as far as a 
higher machine accuracy can be attained. For example 
when the number n of magnetic poles is twenty and 6 
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2J 8 I and 105 °" actively. Sn is equal to 
0 H i " W ^ Ch 13 °- 5 ° Sma " er than 360 °" 7716 diSrence 

m h * ? S 5" 60/2 = 0 525 °' *« not on 'y formula 
(1) but also formula (2) is satisfied. 

an ™ e sta tor yoke 3A is formed by stacking one on s 
another a plurality of punched-out magnetic steel plates 
and has stator projections P which radially extend out- 
ward from the outer periphery of the central portion 1! 
and which are spaced circumferential^ as shown in 

- The " umber <* stator Projections P in the first 10 

!^-' men ' S ? Ua ' t0 the nUmber N twenty in this 
embedment as described above) of the magnetic poles 
M of tine rotor assembly 2. In Fig. 3. the stator projec- 

™ ♦ S , h °T by P1 ' P2 ' P3 Pr -1. Pn are arrange, 

counterclockwise ( the last projection in the first embS ,5 

STlSr? ? 0) - Her6 ' ° nly Stator P"***™ 
are shown in F,g. 1 ,n order to prevent the drawings from 

being complicated. 

f * PO'yurethane-coated copper wire 23 extends 

JSLf? 7J? mina ' 21 ,OCated 00 tne c,ockwi se side » 
of thef.rst stetor projection P1 to an output terminal 22 

located on the counterclockwise side of the last stator 
projection Pn. i.e., P20. and the intermediate portion of 
the w,re 23 is wound around the stator projections P 
sequentiallyfromthefirststatorprojection P1 to the la* 25 
stator projection Pn (P20). thus forming stator coils B 
the number of which is n (twenty in Fig. 3). In Fig. 3. the 
stetor 00* 81, B2. -, B20 are arranged counterc.ock 
wise, the winding direction of the odd-numbered stator 
coils are opposite to the winding direction of the even- 30 

inT VZ T XOt C ° ilS - Stetor ***** T a re formed 
m the distal ends of the respective stator projections P 
The salient poles T are arranged in the counterclock- 
wise direction in the order of T1, T2 ~, T20 The outer 
peripheral surfaces of the stator salient poles T form a 35 
circular surface separated from the circular inner !Tur 
face of the assembly by a predetermined interval 

In Figs. 3 and 4 to 6, angular intervals al, a2 - 
a20 (hereinafter referred to as "pitches") between' the 
adjacent stator projections P are indicated in the coun- 40 
terc'ockwise direction. In this case, the last pitch is an 
when he number of the stator projections P. They are 
equal to the index angles ei, 62. --. 920 (generally n) 
The stator yoke 3A thus constructed is coaxially dis- 

!TS? '1 2 in Fi9 - 2 " Here ' «*> or an 45 

s the pitch between the last stator coil B20 or Bn and 
the first stator coil B 1 . 

Now let it be assumed that the rotation of a to-be- 
rotar y object such as a VTR (a video tape 

tT?nH er) ,°J a " u FDD (a f ' 0ppy disc drive > is transmitted so 
to and rotates the rotor assembly 2 clockwise through 
the coupling 14. At time t = 0 when the centers of the 
sahent poles T1. T2. -. Tk. --. T20 match the counter 
clockwise sides of the magnetic poles M1.M2 - Mk - 
--. M20 of the stator assembly 3 as shown in Fig. 4 while ss 
the rotor assembly 2 is being rotating, the magnetic 
poles M magnetically match the corresponding stetor 
coils B better than in any other states. Under this condi- 
tion, positive induced voltages generated by the corre- 
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spending magnetic poles in the conesponding wires are 
added and the maximum total induced voltage 
VO = Vmax (for example. -HOOrnV) is produced 

SET ".111? 5 * term,nal 21 3nd the outDut te rminal 22 
o the pulled-out portion at the time t = to . as shownln 

wS^t ■ y subse quent figures, arrows in 

the corls indrcate the directions of the induced voltages 

t - trT^f ST that th6 rotor assemb, y 2 is a* time 
IrJSL', „ e,nQ 3 short P 05 ^ 6 P^od of time in 
several milliseconds, for example), m which induced 
voltages whose drrections are reverse to those of the 
.nduced voltages in Fig. 6 (i.e., at t = tO) are geneVatiS 
-n nine stator coils B1 to B9 and induced votegS 
whose 1 directions are the same as those of the induct 
volteges ,n Frg. 6 are produced in the stator coils B1 4 to 
B20. However, very few induced electromotive forces 
are generated in the four stator coils BIO to BIS /tea 
result a negative total induced electromotive force (a 

E , MF 0UtpUt) VO = V1 (for examp.e, 
a^^the absolute value of which is much smaller 

aTth e T^ S tr erat f d b6tWeen * e in P ut te rmina. 21 
and^he output terminal 22 at time t = to - A1 . as shown 

peric^orTirU^ + A2 ( f b6in9 3 V6ry short P°sit.Ve 
penod of time. e.g. several milliseconds) when the posi- 
tional refationshfo shown in Rg. 6 is aLned SwSn 
the rotor assembly 2 and the stator assembly 3. a tote" 
nduced electromotive force whose direction is oppoSe 

coi B1 o Br" i~rf ; S f 9 , enerated eeven'Stor 
n L ^ 3 total induced electromotive force 
(total generated EMF output) whose direction is tt?e 
same as that at time t = to is generated in the seven 

68 10 B14 - HOW6Ver - V6ry ,ew -duc^etc 
to B 2 TS r f 8 ^ P 6 " 6 ^ in six **» coils Bi 5 
to B20. Consequently, a negative total induced electro- 
motive force (total generated EMF output) VO = V2 (tor 
ecample. -30 to about -35 mV). the^bsolute vafue o 
which ,s smaller than Vmax and than VI. is generated 

£ JST- 1" J ? ' 38 Sh ° Wn in R 9" 7 - 11 fo«ows that 
JfL ,TC,UCed electromotive force (the total gener 

S^,„ V ° ' S remarkab,y ,ar 9e at time 9 ttS 

tt^ughort one cycle of revolution. In other words the 

Sftn^ f ^ tromotive foroe generated in each of the 
stator coils B ,s max.mum only when the rotor assembly 
2 and the stetor assembly 3 are located in the position 
attime t = , 0. and therefore the total induced eleXo 
motive force is maximum only at this position 

fn™ r, t,m ? ' *" t0tal induced electromotive 

force (total generated EMF output) VO tends to 
decrease while the rotor assembly 2 is accurate? 
rotated once from the matching state shown in Fig 4 
which tendency can be observed from the time - total' 
generated EMF output characteristic in Fig. 7. The cSr- 
actenstic is accurately repeated as the rotor assembly 2 
continues to rotate. Therefore, only when the magnetic 
poles M and the coils B magnetically and cTplete y 
match once per revolution of the rotary assembly 2 as 
shown ,n F,g. 4. the total induced electromotive fo 'r Ce 
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VO which is considerably higher than in the other 
states is obtained, ensuring accurate detection of the 
rotational position of a to-be-detected rotary object such 
as an external driving power source. Thus, in this 
embodiment, a high positive voltage is generated once 
D er revolution of the rotor assembly 2. The high-EMF 
generating position does not vary per revolution insofar 
as the electromagnetic relationship of the generator .s 
unchanged, and therefore the absolute angular position 
of the to-be-detected rotary object can be determined. 
According to the latest techniques for electronic circuits, 
it is very easy to select the positive peak value of a gen- 
erated EMF output waveform such as in the case of this 
embodiment. 

According to the pulse generator 1 of the firtf 
embodiment, an accurate index signal can be obtained 
only at one position per revolution by making the pitches 
of the coils of the stator assembly 3 unequal to each 
other, and by selecting the index angles of the magnetic 
Doles M of the rotor assembly 2 in accordance with the 
coil pitches as mentioned above. Moreover, the pulse 
generator of this embodiment is manufactured at a low 
cost because it is unnecessary to use an expensive 
magnetoelectric converter such as a Hall sensor in 
which an electric current must flow continuously dunng 
its operation. Further, this pulse generator has an excel- 
lent temperature characteristic, and thus can be used in 
a wide temperature range. Furthermore, it w**and6 
high electric and mechanical stresses, and therefore 
can be used under severe environments. 

Figs 8 to 15 show the pulse generator of the sec- 
ond embodiment which also has a rotor portion for driv- 
ing a motor. In these drawings, the pulse generator is 
shown in an upside down state in contrast to the case 

shown in Fig. 1. ... . 

The pulse generator comprises a rotor cover a 
rotor assembly (a rotor magnet) 25 coaxially fixed 
thereto by appropriate fixing means and used as _a 
motor and pulse generation means, a motor stator 
assembly 26 disposed inside the rotor assembly 25 an 
electronic circuit substrate 29 on which a printed coil 27 
for the pulse generator is formed and on which a motor 
driving IC 28 is mounted (the IC being shown simply as 
a block because it is known in the art), a housing i 30 
having basically the same structure as that of the first 
embodiment, and a disk-shaped coupling 32-hav.ng a 
rotary shaft 31 and performing the same function as that 
of the first embodiment. 

The motor stator assembly 26 is fixed to the elec- 
tronic circuit substrate 29 by means of fixing bolts 33. 
The rotor cover 24 and the rotor assembly 25 are fas- 
tened by means of a bolt 41 to the rotary shaft 31 of the 
coupling 32 in a state in which the rotary shaft 31 is 
received in a boss portion 34 formed on the lower sur- 
face of the rotor cover 24. The rotary shaft 31 is rotate-, 
bly held in ball bearings 37 and 39. The electronic circuit 
substrate 29 is fixed to the lower surface of the housing 
30 as well as the stator assembly 26 by means of the 
fastening bolts 33. 



As shown in Fig. 10, the rotor assembly 25 includes 
an upper rotor magnet 42 for driving the motor and hav- 
ing a magnetized face directed radially, and a lower 
rotor magnet 43 for generating pulses and having a 
s magnetized face directed axially. This enables the mag- 
netic poles M to be compactly assembled in a flat state 
in an end portion of the motor, without increasing the 
number of parts forming the magnetic poles M. In addi- 
tion it is preferred that the radial width of the magneto 
10 poles for the pulse generator be smaller than the length 
of coil elements. 

As shown in Fig. 9, the motor driving rotor magnet 
42 and the pulse generating rotor magnet 43 of the rotor 
assembly 25 have N- and S-poles arranged alternately 
is in a circumferential direction. The index angles of the 
magnetic poles for driving the motor are made to be 
equal to each other, while the index angles of the mag- 
netic poles for generating pulses are made to be une- 
qual to each other. In this embodiment, the magnetic 
20 poles for generating pulses are formed so that their 
pitches are arranged to satisfy an arithmetic progres- 
sion starting from the angle reference line 19 and pro- 
ceeding in a counterclockwise direction and having the 
first term p° and the common difference 8°, as in the 
25 case of the first embodiment. When the number of mag- 
netic poles is twenty, the first term B° and the common 
difference 8° are selected to be respectively 8° and 
1 05° for example. The magnetic poles M are arranged 
so that the odd-numbered magnetic poles are S-poles 
so and the even-numbered magnetic poles are N-poles. for 
example Moreover, the magnetic poles for driving the 
motor are arranged equidistantly from each other, 
through this arrangement is not shown in the drawings. 
It should be noted, however, the magnetic poles for gen- 
35 erating pulses can be arranged in a different way from 
an arithmetic progression, as long as they are arranged 
unequal to each other. 

The motor stator assembly 26 includes a disc-like 
central portion 26A having a central hole 40 formed 
40 therein, stator projections P which extend radially out- 
ward from the outer periphery of the central portion 26A 
and whose distal ends are provided with circumferen- 
■ tially extending stator salient poles T. and motor stator 
coils wound around the stator projections P. The 
45 number of stator projections P is twelve in this embodi- 

Fig 11 shows one embodiment of the printed coil 
27 which is formed on the electronic circuit substrate 29 
and which is a kind of a pulse generating coil. The 
so printed coil 27 comprises radially extending EMF gener- 
ating wire elements L1 to L20 and connection wire ele- 
ments K which connect the just adjacent elements L1 to 
L20 in a zigzag shape. The EMF generating wire ele- 
ments L1 to L20 induce effective voltages due to elec- 
55 tromagnetic interaction with the rotor magnets 43. and 
are numbered in a counterclockwise turn. Moreover, the 
second and third wire elements L2 and L3 are con- 
nected respectively to an input terminal 44 and an out- 
put terminal 45 which serve as a leading portion. The 
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pitches between adjacent connection wires are selected 

to be equal to the pitches al. a2 «20 between the 

adjacent stator salient poles T. In other words the 
pitches are equal to the index angles 91. 82 620 of 
the rotor magnet 43 used in the second embodiment in * 
order to generate pulses, respectively. 

The rotor assembly 25 of the second embodiment 
is adopted to rotate clockwise in Figs. 12 to 14, and the 
pulse generating rotor magnet 43 is coaxially arranged 
in a face-to-face manner on the printed coil 27. Rg 12 , 0 
shows the state in which the clockwise side faces of the 
magnetic poles M1 to M20 of the pulse generating rotor 
magnet 43 in the rotor assembly 25 are aligned with the 
centers of the EMF generating wire elements L1 to L20 
T^is^te corresponds to that shown in Fig. 4relatingto is 
the first embodiment. Figs. 13 and 14 respectively show 
i^i 305 * 0 " 31 relationshi P between the centers of the 
generating wire elements L1 to L20 and of the 
pulse generating rotor magnet 43 of the rotor assembly 
25 at time t = to - A1 and time t = to + A2 (A1 and A2 20 
indicate very short positive time periods such as milli- 
seconds), provided that the state shown in Fig 12 is 
attained at time t = to . Further. Fig. 15 shows the time - 
total generated EMF output characteristic of the pulse 
generator. H 

As shown in Rg. 15. the total generated EMF out- 
put (total induced electromotive force) VO has the max- 
imum positive value at time t = to - A1 , and has the 
maximum negative value at time t = to + A2 . A pulse is 
detected at time t = to when the total generated EMF 30 
output (total induced electromotive force), which is the 
added result of the maximum positive and negative total 
generated EMF outputs, becomes zero. In the latest 
electnc or electronic waveform processing techniques it 
is considerably easy to accurately determine time t = to as 
when the total generated EMF oulput is zero during a 
shift from the maximum positive value to the maximum 
negative value, or from the maximum negative value to 
the maximum positive value. The second embodiment 
can also achieve the accurate detection of the rotating 40 
position of the to-be-detected rotary object. 

Fig 16 shows the third embodiment of the present 
invention in which the rotor magnet is used both for gen- 
erating pulses and for controlling the motor, as in the 
case of the second embodiment. The pitches of the 45 
pulse generating rotor magnet are unequal to each 
other as in the first and second embodiments. A printed 
coil 46 comprises EMF generating wire elements LI to 
L20 arranged circularly in a counterclockwise direction 
and connection wire elements K connecting the pairs of so 
adjacent wire elements L1 and L2, L3 to L20 and L20 
and L1 except that the wire elements L2 and L4 are not 
connected together. A circular return coil 47 closely sur- 
rounds the printed coil 46 in order to reduce the space 
between the printed coil 46 and the circular return coil 55 
47, and has one end connected to the first wire element 
17,6 ,,rst EMF generating wire element L1 and the 
other end of the return coil 47 are respectively coupled 
to an output terminal 48 and an input terminal 49 which 
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serve as a leading-out portion. 

When a rotor magnet is used both for generating 
pulses and for controlling a motor, there is the possibility 
that leaking magnetic fluxes from the motor-controlling 
rotor magnet may coincide with the printed coil, lower- 
ing the S/N ratio of the total generated EMF output 
However by the use of the return coil 47. the S/N ratio 
of the total generated EMF output can be prevented 
from being lowered. 

Rg. 1 7 shows the fourth embodiment of the present 
invention. A printed coil 50 is similar to the printed coil 
46 of the third embodiment, except that the third to sixth 
generating wire elements (corresponding to LI to L6 
shown ,n Rg. 16) have been removed from the printed 

?l^ J? e u UmbSr ° f 9 eneratin g wire elements is 
smatter than that of the third and fourth embodiments 
and therefore the total generated EMF output is lowered 
to such an extent accordingly. On the other hand there 

~™ aC ^ 9e that 3 Space formed ™ a result of the 
removal of these EMF generating wire elements allows 
a motor driving pattern (for example, a line for supplying 
power to a motor coil) to be formed in the space within 
Je pnnted coil 50. In consideration of design arJpT 
formance, it is determined which of the generating wire 
elements is to be removed. However, the number of 
generating wire elements to be removed needs be min- 
imized in order to prevent the S/N ratio of the total gen- 
erated EMF output from being lowered below the 

ISl^V? thiS 6nd ' thOS9 ° f 9 enera «"9 wire 
elements which have large pitches may be removed 

Fig. 18 shows the fifth embodiment of the present 

invention This embodiment employs a zigzag-pat- 

printed coil 52 surrounding the coil 51. The printed coil 

51 comprises EMF generating wire elements L1 to L20 

S^l 9 ^ dia,,y a0d inWard,y and the connection wire 
elements K arranged circularly and connecting the cor- 
responding ends of pairs of the adjacent EMF generat- 
ing w,re elements L1 to L1 8 and L19 and L20 with the 
elements L18 and L19 disconnected. The printed coil 

52 comprises EMF generating wire elements LI to L'20 
extending radially and outwardly so as to align with the 
EMF generating wire elements L1 to L20 of the printed 
coil 51 , and connection wire elements K connecting the 
correspond.^ ends of pairs of the adjacent EMF gener- 
ating wire elements L'1 to L'18 and L20 and L'1 with the 
etemente LJ8 and L'19 disconnected. In this embodi- 
ment the clockwise side ends of both of the printed 
TrZ ~ T f afe ^""ected to the outer and inner 
ends of the elements L19 and L19, respectively, and 
the counterclockwise side ends of the printed coils 51 
and 52 are coupled to an oulput terminal 53 and an 
mput termmal 54 which serve as a leading-out portion 
However, other coupling methods can be used if 
ST 6 ?/ ™ s u embodime nt has an advantage in that the 
SW ratio of the total generated EMF output is not low 
ered even if no return coil is used. 

In the second embodiment and the subsequent 
embodiments, the printed coils are used. Although they 
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are not wound around cores but are patterned they ^are 
consSered to be coils. When using the P™^£ 
therefore, the whole pulse generator can be formed ML 
TSit can be easily assembled into the rotary object 
(which ISSrTi- cases) to be indexed. Moreo- 5 
Stnce Tcores are used, cogging torque* nri. 
Ss remits the angular position of a rotary bcriyjo be 
HAiadad with high accuracy. The patterns of the printed 
T^l ^limited to those of the second embod.ment 
^^^SSS^^*^ and may have a ,0 
m^netioX ^ rSt^g structure which allows the index 
3s2 magnet" poles of a rotor magnet tc , mjj- 
neticallv match the pitches of their corresponding coils 4. 
on^onceTer revolution of a rotor or a rotor assembly 

L explanation of the embodiments according to ,5 
the prese^nvention has been made to the outer rator 
type fX generator. However, the present application 

ESS an expense magnetoelectric converter such 
T* 1 M serS is not used. Furthe ^the pul* .genera- 
tor of the present invention has an advantage in tha in £ 
applfoab.^ in a wide temperature range since « has an 7. 
aSent temperature characteristic, and has another so 
fd^Se in^at it withstands electric and mechanical 
SS?and can be used under severe env.ronments. 



terized in that said magnetic poles (M) are arranged 
in such a way that said index angles (6) form an 
arithmetic progression. 



Claims 



1 A pulse generator comprising a rotor assembly (2. 
' 25^ having a center and a stator assembly 3) d s- 
poseTcoaxial with said rotor assembly, said roto 
assembly (2; 25) comprising a permanent magnet 9. 

5?2 43) which comprises a plurality of magnetic « 
poles (M) arranged circularly at sari center of ori 
Safer assembly (3). each pair of the adjacert mag- 
netic poles (M) bearing magnetic polanties oppo 
s^each^ 

having two ends which define an index angle (6) a 
said center of said stator assembly (3). said stator 
assent comprising a plurality of stator coils 
^aSed circularly in total at said center o said 
otof assembly and each of said stetor co-te (P) 11 
being directed toward said permanent magnet (1£ 50 
a gap between each pair of the adjacent state co. s 
(B) defining a pitch (a), charactenzed in that said 
ndex angles (e) are set to be unequal to each other. 
andsS patches (a) are set to allow said stator coils 
toSEL,***** match the corresPof 'ng ss 
magnetic poles (M) only once per revolution of said 
rotor assembly (2). 
2. The pulse generator according to claim 1. charac- 



The Dulse generator according to claim 2. charac- 
terized in that said arithmetic progression is given 

T£> • + <n - 1)« •> ■* - 3600 or {2po+ t (n "Jl 

8°) n/2 = 360° where p° and 8° represent a first 
term and a common difference of said arrthmetic 
progression, respectively, and where n ind.cates 
the number of magnetic poles (M). 

The pulse generator according to claim 2. charac- 
terized in that said arithmetic ^ 
as 360° - 8"/2 < {2p° + (n - 1) &") n/2< 360 + 
8°/2 where p° and 8° represent a f irst term and a 
common difference of said arithmetic progression 
respectively, and where Q indicates the number of 
magnetic poles (M). 

The pulse generator according to claim 2, charac- 
terized in that said common difference of sari arith- 
metic progression is 0.1° to 1.5°. 

The pulse generator according to any one of the 
pTiSng claims, characterized in that sari stator 
coils (B) form a printed coil (27; 46; 50; 51 . 52). 

The pulse generator according to claim 6. charac- 
2& in Sat sari printed coil (27^ *; 50)< =orr> 
prises EMF generating wire elements (L) and the 
number of said EMF generating wire elements (L) is 
equal to the number of said magnetic poles. 

« 8 The pulse generator according to claim 7. charac- 
termed in that at least one of the EMF generating 
wire elements (L) is removed. 

The pulse generator according to claim 6 (. charac- 
terized in that there is further provided an output 
te Sal (49). and said printed coil (46; 50) includes 
a circular return coil (47) having one end connected 
to sari output terminal (49). 

The pulse generator according to claim 6. charac- 
terized in that said printed coil (52) is zigzag- 
shaped. 

The pulse generator according to any one of claims 
' e J 10. characterized in that said rotor assembly 
(25) further comprises a first magnet (43) for gener- 
ating pulses and a second magnet (42) for dnvmg a 
motor said second magnet (42) be.ng mtegraMy 
formed on said first magnet (43) in a superposed 
manner. 
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